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The epidemiological and evolutionary dynamics of the two cocirculating lineages of influenza B virus, Victoria and Yamagata,
are poorly understood, especially in tropical or subtropical areas of Southeast Asia. We performed a phylogenetic analysis of the
hemagglutinin (HA) and neuraminidase (NA) sequences of influenza B viruses isolated in Guangzhou, a southern Chinese city,
during 2009 to 2010 and compared the demographic and clinical features of infected patients. We identified multiple viral intro-
ductions of Victoria strains from both Chinese and international sources, which formed two phylogenetically and antigenically
distinct clades (Victoria 1 and 2), some of which persisted between seasons. We identified one dominant Yamagata introduction
from outside China during 2009. Our phylogenetic analysis reveals the occurrence of reassortment events among the Victoria
and Yamagata lineages and also within the Victoria lineage. We found no significant difference in clinical severity by influenza B
lineage, with the exceptions that (i) the Yamagata lineage infected older people than either Victoria lineage and (ii) fewer upper
respiratory tract infections were caused by the Victoria 2 than the Victoria 1 clade. Overall, our study reveals the complex epide-
miological dynamics of different influenza B lineages within a single geographic locality and has implications for vaccination
policy in southern China.

Influenza B viruses are members of the family Orthomyxoviridae
which are known to infect only humans and seals and which

were first isolated in 1940 (1, 2). In contrast to influenza A viruses,
influenza B viruses are not divided into subtypes based on surface
glycoproteins (hemagglutinin [HA] and neuraminidase [NA])
but rather are classified into two phylogenetically and antigeni-
cally distinct lineages: the B/Victoria/2/87-like (Victoria) lineage
and the B/Yamagata/16/88-like (Yamagata) lineage (3–6). Both
lineages currently circulate globally and evolve more slowly than
human seasonal influenza A viruses, although reassortment be-
tween the Victoria and Yamagata lineages has frequently been
documented (7–13).

The epidemiological and evolutionary characteristics of influ-
enza B/Victoria and B/Yamagata lineages are complex and remain
poorly understood, in part due to a lack of robust global sampling.
The current understanding is that these two lineages have circu-
lated or cocirculated during different time periods in different
geographic regions. The Victoria and Yamagata lineages were first
detected during the 1988-1989 influenza season, and they cocir-
culated worldwide from 1983 to 1990 (1, 4–6). In the 1990s, the
Victoria lineage became less frequently isolated and was mainly
restricted to East Asia (14, 15). The Victoria lineage is thought to
have re-emerged in North America and Europe and spread world-
wide around 2000 to 2002 (9, 14, 15). In China, both the Victoria
and Yamagata lineages have been cocirculating for a substantial
period of time (16–20), with more frequent dominance of the
Yamagata lineage in the 1990s, especially in northern China (21,
22). In contrast, during 2004 to 2008, Victoria strains became
widespread in China, including in Zhejiang province, in Hunan
province, and in Beijing (17, 19, 23–25). In regions neighboring
China, such as Hong Kong and Taiwan, both influenza B lineages

were isolated during 2000 to 2010, with different lineages domi-
nating in different years (13, 26, 27). Most studies of influenza B
virus undertaken to date have concentrated on the surveillance of
viral activity and have not fully addressed the persistence, patterns
of regional migration, epidemiology, and clinical features of the
different lineages of influenza B virus in a quantitative manner.

The disease burden of influenza B virus is significant, especially
among children and young teenagers (26). For example, during
2003 to 2008, excessive mortality attributable to influenza B virus
infections was estimated to be higher than that attributable to
seasonal A/H3N2 or A/H1N1 virus in China (28). Influenza B
virus has caused more hospitalizations than influenza A virus in
postpandemic H1N1/09 seasons (20). Influenza B virus infections
also caused around one-quarter of influenza-associated hospital-
izations in Hong Kong during 2000 to 2010 and were responsible
for the major proportion of influenza burden in Taiwan during
2004 to 2012 (26, 27).

To better understand the epidemiological and evolutionary
dynamics of influenza B virus, we studied the phylogeny and clin-
ical features of infections reported during March 2009 to August
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2010 in Guangzhou City, a subtropical metropolis in Guangdong
province in southern China. Located northwest of Hong Kong,
Guangzhou is a key national transportation hub and the biggest
financial center in southern China, with a population of more
than 12 million and direct jurisdiction over 12 districts. We
mapped the sequences of influenza B virus isolates sampled in
Guangzhou to the global phylogeny of influenza B virus and ex-
plored the association between genetic variation and demographic
and clinical features.

MATERIALS AND METHODS
Hospital-based acute respiratory infection surveillance in Guangzhou,
southern China. A hospital-based sentinel network was established in
four districts in central Guangzhou (Baiyun, Yuexiu, Liwan, and Haizhu)
to monitor acute respiratory diseases in 2008 (29). The participating sites
for this study included seven clinics and departments in local hospitals
(Fig. 1), which enrolled patients with acute respiratory infections or com-
munity-acquired pneumonia confirmed by chest X ray between March
2009 and August 2010. The clinical definition of acute respiratory infec-
tion was fever with a temperature greater than 37.3°C, with at least one
respiratory symptom, such as cough, sore throat, coryza, or shortness of
breath (29). At the time of enrollment, the demographic and clinical char-
acteristics of each subject were recorded, including gender, age, and symp-
toms. Approval was obtained from the ethics committee of all participat-
ing hospitals, and informed consent was obtained for all patients.

Collection of clinical specimens, virus culture, and sequencing. Na-
sopharyngeal and/or throat swab samples were collected from 205 sub-
jects with acute respiratory infection or community-acquired pneumonia
who were admitted to sentinel hospitals. Samples were stored at �80°C
for further virus isolation and identification. Influenza B virus infection
was identified and genotyped by real-time PCR following the protocol for
influenza B virus RNA identification (PCR fluorescence probing diagnos-
tic kits; Da An Gene, Guangzhou, China). Positive specimens were cul-
tured in Madin-Darby canine kidney (MDCK) cells for 5 to 7 days. Viral
genomic RNA was extracted from cultured supernatants followed by one-
step RT-PCR to amplify the hemagglutinin (HA) and neuraminidase
(NA) genes. The PCR products were gel purified using a QIAquick gel
extraction kit (Qiagen, Hilden, Germany) and sequenced with an ABI
Prism 3130xl automated sequencer (Applied Biosystems, Foster City,

CA). Primers were described previously (29) and supplied by Takato Oda-
giri (Laboratory of Influenza Virus Surveillance Center for Influenza Vi-
rus Research, National Institute of Infectious Diseases, Tokyo, Japan).

Phylogenetic analysis. We analyzed the 205 newly acquired full-
length HA and NA sequences of human influenza B viruses collected in
Guangzhou from March 2009 to August 2010 (GenBank accession num-
bers are given below). We also analyzed global “background” human in-
fluenza B virus HA and NA sequences, which were downloaded from the
Influenza Virus Resource at the National Center for Biotechnology Infor-
mation (GenBank) website (http://www.ncbi.nlm.nih.gov/genomes
/FLU/FLU.html) (30). We obtained a total of 2,950 HA and 1,120 NA
sequences, which were aligned using the MUSCLE program in MEGA 5
(31) with manual adjustment. Maximum likelihood (ML) phylogenies of
the global data sets were inferred by using the rapid tree-searching ap-
proach implemented in the RAxML (version 7.04) program (32) and
employing the general-time-reversal (GTR) substitution model with a
gamma-distributed rate parameter. A total of 200 independent searches
for ML phylogenies were performed with different random maximum
parsimony starting trees in RAxML, and the phylogeny with the highest
likelihood score was selected. A total of 500 pseudoreplicates were gener-
ated, and bootstrapping analyses were carried out by a similar ML method
implemented in RAxML.

To provide an antigenic context for our study, we downloaded addi-
tional background human influenza B virus HA and NA sequences with
available collection dates (between 1 January 2008 and 31 December
2011) from the EpiFlu database of the Global Initiative on Sharing All
Influenza Data (GISAID) (33). We used GISAID genetic sequences be-
cause these could be paired with antigenic information provided in peri-
odic WHO influenza reports (34). Together with the newly acquired HA
and NA sequences from Guangzhou, we obtained 301 Victoria HA se-
quences, 294 Victoria NA sequences, 115 Yamagata HA sequences, and
114 Yamagata NA sequences in total. In this case, ML phylogenies were
inferred in PhyML v3.0 (35) using the general-time-reversal substitution
model with gamma-distributed among-site rate variation and a portion of
invariable sites (GTR���I) and with bootstrap analyses of 1,000 pseu-
doreplicate data sets.

Correlating demographic and clinical features of influenza B virus
patients with virus genetic variation. Demographic and clinical informa-
tion was available for 182 of the 205 influenza B virus cases from Guang-
zhou with available sequence data. Comparisons of demographic and
clinical features between the Victoria and Yamagata lineages were per-
formed by an analysis of variance (ANOVA) and nonparametric Kruskal-
Wallis test for quantitative characteristics and chi-square and Fisher’s
exacts test for categorical variables, respectively. A P value of �0.05 was
considered statistically significant except when a Bonferroni correction
was used to adjust for multiple comparisons.

The strength of association between phenotypes (age, gender, and var-
ious clinical classes; see below) and the viral phylogeny was determined
using two phylogeny-trait association statistics available within the Bayes-
ian tip association significance testing (BaTS) program (36): the parsi-
mony score (PS) and the association index (AI). BaTS provides a statistical
test of the null hypothesis that phenotypes are associated randomly with
the underlying phylogeny. For this analysis, phylogenetic trees of the HA
were estimated using Bayesian Markov chain Monte Carlo methods avail-
able in the BEASTv1.6.1 package (37) and assuming a relaxed (uncorre-
lated lognormal) molecular clock (38) with a GTR���I substitution
model. Bayesian analyses were run for 5 � 108 steps, sampling trees were
done every 5 � 104 steps, and the first 1,000 trees were discarded as
burn-in. To determine whether there was phylogenetic clustering by age
and gender of the patient, we grouped viruses into three age classes (�15,
16 to 30, and �30 years old) and by gender, respectively. To determine
whether there was phylogenetic clustering by clinical features, each pa-
tient was classified as positive or negative for each clinical symptom indi-
vidually: upper respiratory tract infection, dizziness or headache, myalgia
or bone pain, physical discomfort and hypodynamia, rhinitis, itching or

FIG 1 Map of Guangzhou City, China, and study sites. The Baiyun, Yuexiu,
Liwan, and Haizhu districts in central Guangzhou City are in red. Other dis-
tricts are in blue or green. Six study sites are shown as circles with different
colors and described in the key.
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sore throat, dry cough without phlegm, expectoration, and gastrointesti-
nal symptoms. Body temperature was grouped into three classes: �38°C,
38.1 to 39.0°C, and �39.1°C.

Nucleotide sequence accession numbers. All 205 HA sequences and
205 NA sequences generated here have been submitted to GenBank and
assigned accession numbers KC986405 to KC986814.

RESULTS
Influenza virus activity in Guangzhou, 2009 to 2010. During the
study period, March 2009 to August 2010, notable waves of influ-
enza B viruses were observed in Guangzhou City before and after
the emergence of the influenza A H1N1/09 pandemic virus (Fig.
2A). Seasonal influenza A and influenza B viruses cocirculated in
the spring and summer of 2009 before the pandemic H1N1/09
virus was introduced into the city. Pandemic H1N1/09 replaced
seasonal influenza A viruses by September 2009 and dominated
the epidemic for the rest of that year.

Based on epidemiological patterns (Fig. 2), we defined two
separate influenza B virus epidemics, the first from March 2009 to
October 2009 and the second from January 2010 to August 2010.
Laboratory diagnosis showed that both the Victoria and Yamagata
lineages cocirculated in the 2009 influenza B virus epidemic (Vic-
toria represented 78 of 119 [66%] influenza B viruses), while Vic-
toria viruses largely dominated the influenza B virus epidemic in
2010 (91 of 108 [84%] viruses) (Fig. 2B).

Distinct epidemiological dynamics of influenza B Victoria
and Yamagata lineages. The phylogenetic analyses of influenza B
virus HA (Fig. 3A) and NA (Fig. 3B) sequences revealed that dis-
tinct viral lineages circulate in Guangzhou, indicative of multiple
introductions into the region. The number of independent intro-
ductions was estimated from the phylogenetic tree as Guangzhou
strains separated by viruses from other locations, or by strains
associated with particularly long branches, as well as singleton
lineages (39–41).

Yamagata lineage (HA phylogenetic tree). Yamagata viruses
isolated in 2009 in Guangzhou showed little phylogenetic distinc-
tion; they were closely related to each other and to sequences from
the United States and Germany but more distant from sequences
of Chinese and Taiwanese origins. This suggests a viral introduc-
tion into Guangzhou from outside China (although this picture
may change with a greater sampling of Chinese sequences). In
addition, one sequence was separated from other Guangzhou
2009 sequences by a sequence from Germany, indicating another
independent introduction from outside China. Hence, there were
at least two independent sources from outside China linked with
the Yamagata epidemic in Guangzhou in 2009, one of which
seemingly generated most of the infections.

Of the nine Yamagata viruses sampled from the 2010 epidemic,
six belonged to the large cluster of Yamagata viruses isolated in
2009, suggesting that this lineage persisted between epidemics.
The remaining three Yamagata 2010 viruses were phylogenetically
distinct from the 2009 cluster and closely related to sequences
from the United States, Germany, and Shanghai, China, sepa-
rately. Hence, there have been at least three independent intro-
ductions of the Yamagata lineage from both international and
Chinese sources into Guangzhou in 2010, but they did not cause a
widespread epidemic, since the Victoria lineage dominated in
2010.

Victoria lineage (HA phylogenetic tree). We observed two
large phylogenetically distinct Victoria lineages circulating in
Guangzhou in 2009 to 2010, defined as the Victoria 1 (V1) and
Victoria 2 (V2) lineages, respectively (Fig. 3). Of the 78 Victoria
viruses isolated in 2009, 52 (67%) fell into the V1 lineage. V1 was
closely related to viruses sampled from other cities in the same
province (Zhuhai and Shenzhen) and three other Chinese prov-
inces further east (Shanghai, Ningbo, and Nanchang). Chinese
sequences in the V1 lineage were phylogenetically distinct from
sequences from outside China, indicating that the V1 epidemic in
Guangzhou was linked with viruses locally circulating in southern
China. In contrast, two Guangzhou V1 sequences clustered with
sequences from Shenzhen (in southern China) and the United
States, suggesting independent introductions into Guangzhou
and (infrequent) virus movements between these places.

Twenty-six of the Victoria 2009 viruses belonged to a different
lineage, V2, that included sequences from many countries, includ-
ing China, the United States, South Korea, Lebanon, Japan,
Guam, and Mongolia. In contrast to the cocirculating V1 and V2
lineages in 2009, all 2010 Victoria viruses fell into the V2 lineage
and had a lower genetic diversity than viruses in the V1 lineage.

NA phylogenetic trees. Although there were some topological
differences between the HA and NA phylogenetic trees, they pre-
sented a broadly similar picture of Yamagata and Victoria lineages
in 2009 and 2010 (Fig. 3B). Interestingly, in contrast to the HA
analysis, three Victoria NA sequences (two V1 and one V2, all
from 2009) clustered with the Yamagata lineage and one

FIG 2 Influenza virus activity in Guangzhou City from April 2009 to Septem-
ber 2010. (A) Monthly number of laboratory confirmed influenza infection by
type: influenza B virus in red, pandemic H1N1/2009 in green, and seasonal
influenza A virus in blue. (B) Monthly number of influenza B virus infections
by the Victoria (B/Victoria/2/87) and Yamagata (B/Yamagata/16/88) lineages.
The 2009 and 2010 periods of influenza B virus epidemic activity are shaded in
light blue and pink.
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Yamagata NA sequence from 2009 clustered with the Victoria lin-
eage, indicative of interlineage reassortments. Similarly, some of
the NA sequences of the V2 clade clustered with those of the V1
clade and hence were compatible with intralineage reassortments.

Antigenic characteristics of influenza B lineages and reas-
sortment. To clarify the antigenic difference between the V1 and
V2 lineages, we explored the phylogenetic relationship between
HA sequences from Guangzhou and sequences from reference
strains that have been antigenically characterized (Fig. 4A). A phy-
logenetic analysis illustrated that the Guangzhou V2 viruses fell
within the B/Brisbane/60/2008 (Brisbane/60) genetic clade,
whereas the Guangzhou V1 viruses were more closely related to
the older B/Malaysia/2506/2004 virus. According to the interim
report from the WHO (34), the B/Brisbane/60/2008 clade is char-
acterized by the HA amino acid substitutions N75K, N165K, and
S172P, relative to the B/Malaysia/2506/2004 clade. Compared
with the original B/Brisbane/60/2008 virus, the most recently col-
lected viruses in the V1 clade, including all Guangzhou viruses,
carry the additional amino acid substitutions I146V and L58P
(Fig. 4A).

In hemagglutination inhibition (HI) assays (34), all reference
viruses in the V2 clade reacted well with antisera raised against
B/Brisbane/60/2008 vaccine strain, or B/Brisbane/60/2008-like
strains (B/Paris/1762/2009, B/Hong Kong/514/2009, and B/Odessa/
3886/2010). Two reference viruses phylogenetically close to the

Guangzhou V1 clade, B/Hubei/37/2009 and B/Laos/1232/2009,
were antigenically close to the older vaccine strain B/Malaysia/
2506/2004 and the B/Malaysia/2506/2004-like strain (B/Hong
Kong/45/2005). Overall, these data suggest that Guangzhou V1
and V2 are antigenically different and represent variants from the
B/Malaysia/2506/2004-like and B/Brisbane/60/2008-like lineages,
respectively.

A phylogeny of the NA gene in the Victoria lineage is presented
in Fig. 4B. The majority of NA sequences clustered in positions
similar to those observed in the HA phylogeny. The exceptions
are three reassortants: two interclade reassortants (one with the
Malaysia/2506 HA and the Bolivia/104 NA and one with the
Brisbane/60 HA and the Malaysia/2506 NA) and one interlineage
reassortant (HA from the Victoria lineage and NA from the
Yamagata lineage).

Phylogenetic analysis of the HA gene of the Yamagata lin-
eage revealed that all of the Guangzhou viruses belonged to the
B/Bangladesh/3333/2007 reference strain (Fig. 5A). According to
HI assay results from the WHO interim report (34), all reference
viruses in the B/Bangladesh/3333/2007 clade showed cross-reac-
tivity with antisera raised against B/Bangladesh/3333/2007-like vi-
ruses (including B/Algeria/G-486 and the new vaccine strain
B/Wisconsin/1/2010). Hence, these data suggest that the Guang-
zhou Yamagata lineage belongs to the B/Bangladesh/3333/2007-
like antigenic group. Similar to viruses of the B/Victoria lineage,

FIG 3 Global phylogenetic trees of the HA gene and NA gene of influenza B virus. (A) HA phylogeny, midpoint rooted; (B) NA phylogeny, rooted by the oldest
sequence. The bootstrap support values for key branches in the trees are indicated. Sequences from different localities have their branches indicated by colors
described in the key.
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the Guangzhou B/Yamagata lineage retained the B/Yamagata NA
segment, with the exception of one virus collected in 2010, which
was a reassortant between a Yamagata lineage in the HA and a
Victoria lineage in the NA (Fig. 5B).

Correlation of demographic and clinical features with viral
genetic variation. The lineage-specific demographic and clinical
features of influenza B virus patients are shown in Table 1. Strik-
ingly, patients infected with Yamagata lineage viruses were signif-
icantly older than patients infected by either Victoria lineage vi-
ruses (median [interquartile range {IQR}], 32 [26 to 47] years for
Yamagata versus 23 [17 to 29] for Victoria; P � 0.001, by a non-
parametric Kruskal-Wallis test). Similarly, a higher proportion of
adults over 31 years of age were infected by the Yamagata lineage
than the Victoria lineage (56% versus 18 to 21%; P � 0.001, Fish-
er’s exact test). In contrast, we found no significant difference in
gender ratio, temperature, and clinical symptoms of patients in-
fected by different viral lineages, except for fewer upper respira-
tory tract infections in V2 patients (P � 0.003, chi-square test).
However, care must be taken in interpretation because of multiple
testing issues. Furthermore, demographic and clinical features
were not correlated with infection with the reassortant viruses
(data not shown).

To obtain a more quantitative measure of the possible associ-
ation between demographic and clinical features and virus genetic
variation, we used two phylogeny-trait association statistics, AI

and PS. These analyses confirmed that Guangzhou influenza B
viruses clustered by age and presence of upper respiratory tract
symptoms of the patients they infected more strongly than by
chance alone (P � 0.007) (Table 2). In addition, this analysis re-
vealed significant clustering by patient gender and gastrointestinal
tract symptoms, based on both clustering statistics (P � 0.007)
(Table 2).

DISCUSSION

Our study of influenza B virus activity in Guangzhou, a subtrop-
ical city in southern China, revealed two distinct epidemic peri-
ods: March to October in 2009 (i.e., before the 2009 influenza
A/H1N1 pandemic) and January to August 2010 (post-2009 pan-
demic). The influenza B virus epidemic of 2009 was characterized
by the cocirculation of the Victoria and Yamagata lineages, with
multiple viral introductions from both Chinese and international
sources. The 2010 epidemic was largely dominated by the Victoria
lineage, although there was evidence of independent introduc-
tions of the Yamagata viruses that did not lead to sustained activ-
ity. Notably, through comparisons of our Victoria virus sequences
with those of vaccine and reference strains of known antigenic
characteristics, we found that two antigenically and phylogeneti-
cally different lineages of the Victoria virus circulated in Guang-
zhou City. There was also evidence of intra- and interlineage re-
assortment events. Finally, phylogenetic clustering methods

FIG 4 Phylogenetic trees of the HA and NA genes of the Victoria lineage of influenza B virus. (A) HA phylogeny; (B) NA phylogeny. The trees are rooted by the
oldest vaccine strain, B/Hong Kong/05/1972, and bootstrap support values and major amino acid substitutions are mapped to key branches. Intraclade and
intralineage reassortants are indicated as described in the key. The Brisbane/60 (pink) and the Malaysia/2506-like (light blue) clades are indicated. Between the
Brisbane/60 and Malaysia/2506 clades, two South American viruses—B/Bolivia/104/2010 and B/Bolivia/1526/2010 —represent a new lineage, falling close to the
recently emerged clade represented by B/Bolivia/104/2010 (Bolivia/104 clade).
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revealed notable differences in the age distribution of influenza B
virus cases, with the Yamagata lineage infecting older people than
either of the Victoria lineages and fewer upper respiration infec-
tions in the Victoria 2010 epidemic.

Multiple introductions of seasonal influenza A/H3N2,
A/H1N1, 2009 pandemic H1N1, and influenza B viruses have pre-
viously been reported on the scale of single epidemics, and recent
large-scale phylogenetic studies suggest that both temperate and
tropical/subtropical regions could be the sources of the next global
epidemic (20, 40–44). In line with these findings, our 2-year study
in Guangzhou City reveals multiple introductions of influenza B
viruses from other Chinese cities and from abroad. In addition,
our phylogenetic analysis shows evidence of local persistence of
influenza B viruses between two consecutive epidemics in Guang-
zhou in 2009 to 2010, as well as the disappearance of a predomi-
nant lineage at the end of the 2009 epidemic.

In line with our results from Guangzhou, short-term persis-
tence of influenza B viruses was reported in another large subtrop-
ical city of southern China, Shenzhen (20). Like Shenzhen,
Guangzhou hosts a large number of migrant workers who come to
work in Guangzhou in spring and return to their hometowns in
winter before the Chinese New Year. Guangzhou is also well con-
nected with other regions of China and hosts the biannual Chinese
Export Commodities Fair, which may also contribute to the com-
plex patterns of multiple introductions and persistence of influ-
enza B virus. However, there is no evidence in our short-term

2009 –2010 influenza B virus data that Guangzhou is a preferred
focus of global emergence of influenza viruses.

Although located in a subtropical region, Guangzhou adopts
the Northern Hemisphere recommendations for influenza vac-
cines, in line with other cities in southern China and Hong Kong
(26). Vaccine coverage is still relatively low in Guangzhou, with an
estimated 13 vaccine doses used per 100 population (45), while a
pediatric study reported a 6.5% vaccination rate for pandemic
H1N1/09 in a boarding school (46). The vaccine is administered
around October-December in anticipation of the Northern
Hemisphere winter influenza season, peaking in January or Feb-
ruary. However, considering that influenza B virus activity peaks
in late spring in Guangzhou (April-May), we suggest that it may be
optimal to postpone the vaccination campaigns in Guangzhou
until the beginning of the year to improve the effectiveness of
influenza vaccination. Since the vaccine also contains antigens for
influenza A viruses, the optimal vaccine strategy also depends on
the timing of influenza A virus activity. While we do not have any
information on the seasonality of influenza A virus circulation in
Guangzhou, other Southern Chinese cities experience influenza A
virus activity in late spring, which would justify the suggested
vaccine strategy (20, 47, 48). Although the emergence of the
A/H1N1 pandemic virus in 2009 could have affected the season-
ality of influenza B virus circulation in our Guangzhou study, past
laboratory surveillance data suggest that seasonal influenza virus
typically circulates in warmer months in this region (20, 47, 48).

FIG 5 Phylogenetic trees of the HA and NA genes of the Yamagata lineage of influenza B virus. (A) HA phylogeny; (B) NA phylogeny. The trees are rooted by
the oldest vaccine strain, B/Singapore/222/1979, and bootstrap support values and major amino acid substitutions are mapped to the key branches. Intralineage
reassortant is indicated as described in the key. The Bangladesh/3333-like (light yellow) and Brisbane/3-like (light green) clades are indicated.
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In addition to a suboptimal timing of vaccination, Guangzhou
experienced a partial mismatch between circulating influenza B
virus strains and vaccine strains during our short study period. In
2009, when the Victoria and Yamagata lineages cocirculated in
Guangzhou City, the recommended influenza B virus vaccine
strain for use in the 2008 –2009 Northern Hemisphere season was
the B/Florida/4/2006-like Yamagata virus. Not only did the vac-
cine not cover the Victoria lineage (which represented 66% of the
viruses isolated in Guangzhou in 2009), but also the vaccine was
mismatched with respect to the Yamagata component. Indeed,
our data suggest that the 2009 Yamagata viruses circulating in
Guangzhou were antigenically close to the B/Wisconsin/1/2010
strain (B/Bangladesh/3333/2007-like virus), which was not in-
cluded in the vaccine until 2013. In contrast, in the following year
the Northern hemisphere 2009-2010 vaccine recommendations
included a Victoria virus antigen, B/Brisbane/60/2008-like, which
matched well with the predominant V2 lineage circulating in
Guangzhou in 2010. To resolve the dilemma of cocirculating in-
fluenza B lineages, the WHO has recently suggested the use of
quadrivalent vaccines containing two influenza B lineages, which
have been approved for use in the 2013 Southern Hemisphere
influenza season. Our study also supports the use of quadrivalent
vaccines in Guangzhou and other areas in Southern China.

It is well known that influenza B virus predominantly infects
children and young teenagers, in contrast to influenza A virus
(especially A/H3N2) (28, 49, 50). We observed additional and
notable age differences between influenza B lineages, with

Yamagata strains infecting an older proportion of the population
than Victoria strains. This difference could in part reflect greater
background population immunity to Victoria strains among
adults, consistent with the widespread circulation of these viruses
since the 1980s in Asia. It may also be that the Victoria and
Yamagata lineages differ in their intrinsic transmissibility, as the
higher transmissibility of Victoria strains would be expected to
result in a younger mean age at infection. Although influenza B
viruses seem to be transmitted with a higher reproductive number
(R0) in younger age populations (50), lineage-specific transmissi-
bility estimates are not available. It has been reported that
Yamagata-infected children were 2 to 3 years older than Victoria-
infected children in Taiwan, but that study considered a very small
data set, i.e., children with only 8 Victoria infections in total (51).

We did not find significant clinical differences by influenza B
lineage, with the exception of fewer respiratory tract infections
associated with the V2 lineage. Differences in the epidemiological
characteristics and clinical features according to influenza type
have been noted previously (52), but to our knowledge this is one
of the few studies indicating further differences specific to the
influenza B lineage. We note that the differences found here may
not result in differences in severity and did not seem to be associ-
ated with specific point mutations (data not shown).

In Guangzhou, the pandemic A/H1N1 activity dominated dur-
ing July 2009 to February 2010, with a peak in November 2009,
between the two influenza B virus epidemics studied here. It is
possible that cross-protective immunity from prior exposure to

TABLE 1 Clinical and demographic characteristics of patients with influenza B viruses in Guangzhou

Characteristics

Value for lineage

PV1 (n � 45) V2 (n � 94) Yamagata (n � 43)

Demographic features
Median age, in yrs (IQR)a 23 (17–29) 23 (17–29) 32 (26–47) �0.05

No. (%) of patients �15 yrs oldb 6 (13.3) 14 (14.9) 0 (0) �0.001c

No. (%) of patients 16–30 yrs old 31 (68.9) 60 (63.8) 19 (44.2)
No. (%) of patients �31 yrs oldb 8 (17.8) 20 (21.3) 24 (55.8)
No. (%) of patients that were male 19 (42.2) 43 (45.7) 22 (51.2) �0.05

Clinical symptoms
Temp (°C),d mean � SD 38.60 � 0.53 38.64 � 0.56 38.38 � 0.50 �0.05

No. (%) of patients �38.0°Ce 12 (26.7) 14 (14.9) 12 (27.9) �0.05
No. (%) of patients 38.1–39.0°C 28 (62.2) 59 (62.8) 26 (60.5)
No. (%) of patients �39.1°C 5 (11.1) 21 (22.3) 5 (11.6)

No. (%) of patients with:
Upper respiratory tract infection 42 (93.3) 64 (68.1) 35 (81.4) 0.003f

Dizziness or headache 31 (68.9) 68 (72.3) 30 (69.8) �0.05
Myalgia or bone pain 24 (53.3) 55 (58.5) 26 (60.5) �0.05
Physical discomfort and hypodynamia 27 (60.0) 65 (69.1) 30 (69.8) �0.05
Rhinitis: nasal congestion, rhinorrhea,

and sneezing
19 (42.2) 52 (55.3) 30 (69.8) 0.03f

Throat itching or sore throat 32 (71.1) 64 (68.1) 34 (79.1) �0.05
Dry cough without phlegm 17 (37.8) 23 (24.5) 19 (44.2) 0.047f

Expectoration 15 (33.3) 48 (51.1) 20 (46.5) �0.05
Gastrointestinal symptoms 3 (6.7) 10 (10.6) 2 (4.7) �0.05

a Nonnormal distributed data are presented by median age and interquartile range (IQR). P value is calculated by the non-parametric Kruskal-Wallis test.
b In the age group �15 years old, there was one child younger than 5 years old (3 months) infected with virus of the V2 lineage. In the age group �30 years old, four patients are
older than 65; two were infected with virus of the V1 lineage, one had the V2 lineage, and one had the Yamagata lineage.
c At least one of the expected values is smaller than 5. The P value was calculated by the Fisher exact test.
d Temperature under the arm (axillary), normal distributed data. The P value was calculated by one-way ANOVA.
e In the group that had temperatures less than 38°C, two patients had temperatures less than 37.3°C, one infected with the V2 lineage and one with the Yamagata lineage.
f The Bonferroni correction was used for multiple comparisons (9 times). P values less than 0.0055 (0.05/9) are considered statistically significant.
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the pandemic virus may have reduced the severity of clinical
symptoms in 2009, consistent with fewer upper respiratory infec-
tions in the 2010 epidemic, in which V2 was predominant. Fur-
thermore, a well-matched influenza vaccine may have contributed
to the mild clinical symptoms of the V2 epidemic in 2010.

We also observed a significant phylogenetic clustering by pa-
tient gender and presence of gastrointestinal symptoms. This
needs careful interpretation. We have very limited data on gastro-
intestinal tract symptoms, and no association was reported be-
tween clinical symptoms and influenza genetic variation in previ-
ous influenza B virus and pandemic A/H1N1 studies (41, 53, 54).
A better understanding of the association between demographic
and clinical features and virus genetic variation will require addi-
tional data and long-term studies from other places.

In conclusion, this study highlights the complex epidemiolog-
ical and evolutionary dynamics of influenza B virus. Although our
findings rely on a relatively short surveillance period, they are
indicative of interesting differences between lineages of influenza
B viruses, potentially related to intrinsic differences in clinical pre-
sentation, transmissibility, or immunity of these viruses, which

would be worthy of further investigation. More broadly, our data
are also consistent with a meta-population model for the circula-
tion of influenza B viruses, with multiple introductions into large
and well-connected tropical Chinese cities and occasional local
persistence between epidemics.
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Comparison Statisticb

Value (95% CIc)

PObserved Null

Gender of patient AI 7.99 (6.70–9.39) 9.60 (8.41–10.71) 0.012
PS 55.83 (51.0–60.0) 60.50 (56.21–64.41) 0.041

Age of patient AI 8.91 (7.74–10.12) 10.50 (9.44–11.52) 0.006
PS 55.14 (52.0–58.0) 63.34 (60.10–66.08) <0.001

Temp AI 10.88 (9.48–12.18) 10.56 (9.53–11.54) 0.694
PS 61.50 (59.0–64.9) 62.70 (60.06–65.00) 0.300

Upper respiratory tract infection AI 5.33 (4.23–6.40) 6.68 (5.80–7.56) 0.007
PS 32.51 (29.0–36.0) 37.43 (35.26–39.17) 0.001

Dizziness and headache AI 8.70 (7.46–9.87) 7.93 (6.88–8.93) 0.903
PS 47.49 (45.0–50.0) 46.24 (43.12–48.66) 0.859

Myalgia and bone pain AI 8.98 (7.60–10.37) 9.32 (8.16–10.50) 0.277
PS 57.63 (54.0–61.0) 58.64 (54.53–62.43) 0.372

Physical discomfort and hypodynamia AI 7.90 (6.61–9.13) 8.51 (7.46–9.54) 0.181
PS 49.51 (46.0–53.0) 50.85 (47.61–53.53) 0.299

Rhinitis: nasal congestion, rhinorrhea, and sneezing AI 8.98 (7.74–10.30) 9.53 (8.41–10.64) 0.196
PS 54.11 (51.0–58.0) 59.79 (55.66–63.63) 0.017

Itchy and sore throat AI 6.86 (5.76–8.09) 7.78 (6.78–8.78) 0.054
PS 42.87 (40.0–46.0) 45.51 (42.98–47.93) 0.052

Dry cough without phlegm AI 7.79 (6.55–8.96) 8.47 (7.37–9.49) 0.158
PS 47.57 (44.0–50.0) 50.24 (46.95–52.83) 0.120

Expectoration AI 8.81 (7.46–10.22) 9.58 (8.40–10.74) 0.147
PS 57.67 (54.0–62.0) 60.34 (56.27–64.06) 0.169

Gastrointestinal tract symptoms AI 2.11 (1.52–2.74) 2.86 (2.30–3.40) 0.007
PS 12.46 (12.0–13.0) 14.61 (13.82–14.96) 0.001

a Statistically significant results are in bold.
b AI, association index; PS, parsimony score.
c CI, confidence interval.
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